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中  文  摘  要 
NMR 是一种物理现象，1946 年被 Bloch 和 Purcell 等分别发现，作为一种分
析手段广泛应用于物理、化学等领域，用于研究物质的分子结构。在 NMR 现象












受到关注，本论文对 MRS 的空间定位技术和水峰压制技术，以及 Hadamard 矩
阵、多色组合脉冲、Hadamard 编解码过程，一维与二维 Hadamard 波谱进行了简
要的描述。 



































Exploration of Fast 2D Localized Correlated Spectroscopy 
Xiaohong Wang 
ABSTRACT 
As an analytical technique of materials, nuclear magnetic resonance (NMR), 
discovered by Bloch and Purcell, has been appiled to physics, chemical and other 
fields, playing an important role in research and industry. In the short 60 years since 
NMR phenomenon has been found, NMR has received the Nobel Prize 5 times in 
physics, chemistry, biology and medicine, which demonstrated the NMR great vitality 
and broad prospects. In recent decades, magnetic resonance imaging (MRI) 
technology has developed quickly, which is widely used in medicine, biology, 
chemistry, materials, physics and other fields. Localized magnetic resonance 
spectroscopy (MRS), as a complementary tool to MRI technology also has important 
in vivo applications. MRS can be a selective and noninvasive quantitative technology 
to measure the chemical composition, structure, the change of chemical 
environmental and the existence of molecular, which can not be achieved by any 
existing imaging technique. MRS is an important bridge between pathological and 
biochemical changes. MRS combined with MRI can provide the anatomical, 
pathological features and biochemical information, and other important information 
for the ‘living system’. 
Although the 2D MRS can address the 1D 1H MRS problems of peak crowding, 
low spectral resolution and difficult peak identification to a large extent, it also has the 
limitation of long experimental time. In this thesis, we developed a new 2D localized 
correlated spectroscopy based on hadamard technique, to solve this problem. The 
works are summarized as follows:  
1. For half a century in the development of nuclear magnetic resonance, localized 
spectroscopy and Hadamard spectroscopy techniques are more and more attentioned. 
In this thesis, we gave a brief description of the spatial localization of the MRS, the 














Hadamard encoding and decoding process, and one-dimensional two-dimensional 
Hadamard NMR spectroscopy. 
2. However, 1D in vivo 1H MRS has the problems of peak crowding, low spectral 
resolution and difficult peak identification. The two-dimensional (2D) MRS has been 
introduced to address these problems to a large extent. In this Chapter, we analyzed 
the advantages and disadvantages of several typical 2D MRS methods. Their in vivo 
applications in brain, muscle, breast and prostates were also discussed. 
3.Localized two-dimensional coherent spectrum (L-COSY) which needs long 
experiment time greatly limits its in vivo application, we utilized Hadamard technique 
(HL-COSY) to solve this problem and achieve a rapid two-dimensional detection of 
localized spectrum, and verify its feasibility in the experiments. 
 



















次诺贝尔奖。1937 年，物理学家 Rabi 早在分子束中发现核磁共振现象[2]。因
此，他获得了 1944 年的诺贝尔物理学奖。在 1946 年，Bloch 用水通过感应法，
Purcell 用石蜡通过吸收法各自独立地取得了核磁共振实验的成功[3-5]。他们分享
了 1952 年的诺贝尔物理学奖。由于在 NMR 波谱方法、傅立叶变换和二维谱技
术等领域作出了杰出贡献，Ernst 获得 1991 年诺贝尔化学奖。Kurt Wüthrich 因发
明了利用多维核磁共振技术测定溶液中生物大分子三维结构的方法而获得 2002









脉 冲 序 列 进 行 理 论 分 析 。 一 些 数 据 处理 方 法 如 傅 立 叶 变 换 (Fourier 
Transformation，FT)提高了仪器的解析能力。 突出的当属多维 NMR，特别是
二维 NMR 技术的发展，它从根本上改变了 NMR 技术用于解决复杂物质结构问
题的方式，大大提高了 NMR 所提供的关于分子结构信息的质和量。 
1.2 磁共振定域谱(MRS)[8-10] 
近几十年来，核磁共振成像(Magnetic Resonance Imaging, MRI)技术取得了巨
大的发展，广泛应用于医学、生物学、化学、材料、物理等领域。定域核磁共振























病病理之间重要的桥梁。MRS 与 MRI 组合使用能够提供“活体系统”的解剖结构、
病理功能和生化信息等方面的信息。 
1.2.1 MRS 主要检测代谢物 
在 MRS 中，检查的主要代谢物主要是下面几种： 
1) N-乙酰天门冬氨酸(NAA)：化学位移 δ 2.02，NAA 存在于神经元中，是公
认的神经元标志。 




4) 肌酸(Cr)：化学位移 δ 3.03 和 δ 3.94，细胞能量的标志。 
5) 胆碱(Cho)：化学位移 δ 3.20，细胞膜磷脂代谢的一个组成成分并反映膜
的更新。 
6) 肌醇(MI)：化学位移 δ 3.56，MI 升高见于 Alzheimer 病。 
7) 脂质(Lip)：弛豫时间非常短，一般看不到。 
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